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ABSTRACT 


The purpose of this study was to determine the relative 
effects of strength training of the arms with no such arm strength 
training on the performance of pre-pubescent (7 to 12 years) 
competitive swimmers for a 100 metre front crawl swim. Subproblems 
were the effect of a series of non-resistive flexibility exercises 
on swimming performance, and the effects of the sex of the subjects 
in response to the three methods of strength training as measured 
by arm strength and improvement of swimming performance. 

Fifty-four first year competitive swimmers were assigned 
to six groups of nine each, on the basis of initial swimming time 
and age. Eight swimmers did not complete the program leaving; a 
control group of seven, a control group with flexibility exercises 
of seven, an isometric group of seven, an isometric group with 
flexibility exercises of eight, a dynamic group of nine, and a 
dynamic group with flexibility exercises of eight. The analysis 
was conducted on swimming time to the nearest one-tenth of a 
second and on force. The strength score was the average of two arm 
strength tests for each arm taken individually in a simulated mid 
position of the front crawl stroke. 

The analysis of variance technique was used to assess the 
effect of different variables of sex, flexibility and strength 


training method on changes in swimming time over an eight week period. 
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The analysis of variance technique was also used to assess the 
effect of different variables of sex, flexibility and strength 
training method on changes in arm strength over an eight week 
period. Pearson's Product Moment technique was used to correlate 
the arm strength measures and swimming speeds. It was found 
that flexibility training had no seredd Ba swimming time, There 
were no differences between males and females in strength gains 
or swimming time. There were no significant differences between 
strength gain and swimming time as a result of three different 
training groups. All the groups improved significantly in mean 
arm strength and in mean swimming time. There were low and 


insignificant positive correlations between pre-training strength 


and pre-training swimming speed, and between post-training strength 


and post-training swimming speed. There was no significant corre- 


lation between pre to post changes of arm strength and pre to post 


changes in swimming speed. 
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CHAPTER I 


STATEMENT OF THE PROBLEM 


Introduction 

It is generally believed that voluntary muscular strength 
is an essential component of athletic performance (20, 30, 82, 92). 
Counsilman and other recognized competitive swim coaches (20, 30, 57) 
have expressed the opinion that dry-land exercise programs are a 
must for well rounded training programs of all competitive swimmers. 
The literature, however, has been inconclusive in presenting 
evidence to support this training method on pre-pubescent male and 
female competitive swimmers. 

Comparisons of isometric and dynamic strength and methods 
of training for the gain and maintenance of these two types of 
muscular strength have been documented by many investigators (9, 10, 
28, 38, 63, 32, 6, 75, 77) who sought to prove a conclusive superior- 
ity of one type of these two training procedures over the other. 
Although many advantages are apparent for each type of program, there 
are no conclusive results which may be used to predict with certainty 
which method wotld be more advantageous in any given situation. 

In the consideration of any strength training technique, 
the investigator must remember that the basis for any linear motion 
achieved by the body, or parts of it, in any competitive medium is 
always a result of initial angular movement and angular momentum 


transfer by the body and parts. It is for this reason, that any 
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apparatus used for strength training, with the objective of increasing 
power in a specific linear or angular motion pattern should be easily 
and quickly adapted to simulate resistance in all planes and axes. 
This very flexible and innovative quality is true of the two active 
methods of strength training chosen for study and comparison in this 
thesis. | 

An obvious practical advantage of the isometric system 
is the great reduction in time, equipment and complicated instructions 
necessary to achieve the desired strength gains. Dynamic training, 
however, through the use of the exergym machine, may be of greater 
advantage to the swimmer because of the ease with which it can be 
used to simulate the movement patterns of the various swimming strokes. 
This mode of dynamic training has shown a wide range off different 
stresses and tensions adaptable to movements which closely approximate 
the wet training techniques. This direct reinforcement of required 
neuromuscular co-ordination may compensate for the increased time 
and instructional procedures inherent with it. 

Flexibility is an PEE which has been studied by physical 
educators, and by competitive swim coaches (20, 30, 57, 92). Counsil- 
man (30) emphasized the importance of specific flexibility in the 
shoulder and ankle joints. He stated that varsity swimmers ranked 
highest in these two flexibility measures when compared with athletes 
of other varsity sports at Indiana University. Tihanyi (92), ina 


recent study, evaluated fifteen maturational determinants against 


swimming speed. He concluded that shoulder extension strength may 
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be the most important factor, with composite flexibility the fifth 
most important factor, when considering the 100 metre freestyle 


performance. 


The Problem 

Swimming performance time is a result of many factors 
of which training, strength, and flexibility are only three. The 
purpose of this study was to examine and compare the relationship 
of three different strength training programs and swimming perform- 
ance in pre-pubescent competitfve swimmers. 

The three different strength training programs consisted 
of isometric shoulder extension, dynamic shoulder extension, and 
superficial shoulder and arm massage, which served as a placebo 
in the control group. The muscles used in the isometric and dynamic 
programs were the triceps, biceps, latissimus dorsi, pectoralis 
major, teres major, subscapularis, flexor carpi ulnaris and palmaris 


longus. 


Subproblems 


A mamber of subproblems were explored as relevant to the 
main thesis. These are: | 
1. The comparison of the effects of a series of flexibility 
maneouvers which were included in the training programs 


of half of the subjects in each of the major groups. 
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Definition of 


apply: 


For 


The comparison of the effects of the programs on 


male swimmers and female swimmers. 


Terms 


the purpose of this study, the following definitions 


Isometric contraction: An increase in muscle tension 
without change in muscle length. 

Dynamic contraction: An increase in muscle tension 
with a decrease in muscle length. 

Superficial massage: A light finger tapping on the 
tissues of the arm and shoulder areas. 

Pre-pubescent: The period of an individual's develop- 
ment prior to the commencement of mature gonadal 
function, usually concurrent with the appearance of 
the secondary sexual characteristics. This period 
generally lasts until age 15 in the male and until 
age 12 or 13 eotene female (93:493). 

Exergym: A progressive resistance training device 
which utilizes two concentric metal cylinders to 
increase friction, hence tension, on ropes coiled 
through the apparatus. 

Swimming performance: The amount of time, in seconds, 
taken to complete 100 metres front crawl under 


competitive conditions. 
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7. Strength scores: The average of two cable tension 
measurements of each arm, summed to give a combined 


arm strength score. 


Justification of the Study 


Training consists of repeated periods of exercise (47) 
resulting in a more economical and precise execution of the recurring 
maneouvers (14). 

Tihanyi (92) suggested that strength factors were the most 
important contributors to successful swimming participation among 
the fifteen maturational determinants that he studied. In his summary 
and results, he postulated that "It appears that the most efficient 
experience in terms of performance capabity development for young 
swimmers comparable to the study sample may not be water training 
alone" (92:130). 

There is a significant lack of literature focusing on the 
effects of task specific strength training applied to competitive 
swimmers prior to the commencement of puberty. The writer decided 
to study the effect of three different strength training programs 
on the performance of pre-pubescent novice competitive swimmers of 
both sexes. To elucidate the relative values of dry-land exercise 
programs and whether they are of sufficient value to be alloted a 
significant portion of training time is a question whth which the 


practical coach is constantly concerned. 
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Limitations of the Study 


By necessity, the study is limited by: 


ae 


The sample of swimmers used in the experiment. Only 
46 subjects were used due to the self-elimination of 
some swimmers from the program. 

The puberty Batoat ton’ was confined to subjective 
observation and coach-swimmer consultation. 
Motivation and learning in the subjects. The 
motivational levels and learning rates of the subjects 
were beyond control and probably varied considerably 
since they were all novices in competitive swimming. 
The experimenter had control over the subjects only 
during the times of training and testing, and there- 
fore, could not absolutely eliminate the effect other 


activities: may have had on strength gain. 


Delimitations of the Study 


1. 


The study was designed to include only arm strength 
training techniques which were done isometrically by 
the use of ropes and chains and dynamically through 
the use of exergym progressive resistance machines. 
The total study time was of ten weeks duration, with 
eight weeks for training and one week each for pre- 


and post-training measures. 
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The swimming performance test considered was the 
time taken to complete a 100 metre front crawl swim 
under competitive conditions. 


The subjects were not randomly chosen. 
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CHAPTER IT 


REVIEW OF THE LITERATURE 


Muscular Strength 

It is important to begin a description of any muscular 
action by a description of the muscle being discussed. The physical 
structure of a skeletal muscle was described in BU coneine statement 
by Karpovich: 


A muscle is composed of many thousands of muscle fibers. 
Each fiber is wrapped in a more or less complete, delicate 
sheath of connective tissue. A dozen or more fibers are 
then grouped together forming a primary bundle (fasciculus). 
This bundle is also wrapped in connective tissue which is 
tougher and contains collagenous fibers. Several primary 
bundles, in their turn, form a secondary bundle, which is 
also wrapped in connective tissue. The secondary bundles 
form tertiary ones, and so on until the muscle is formed. 
The whole muscle is covered on the outside by a fascia, 
which is also made up of fibrous connective tissue. This 
connective tissue constitutes a strong, framework which, 
at the end of the muscle, forms a tendon or is attached 

to the periosteum of a bone. (56:3) 


Each muscle fibre contains many parallel myofibrils, which 
are composed of alternate thin actin and thick myosin filaments (54). 
These filaments overlap to form alternate light and dark bands, 
which when aligned with the other myofibrils in a fibre, give the 
impression of striations across the width of the fibre. 

A muscle contraction is initiated by an electrical impulse 
from a motorneuron, which propagates an electrical stimulus along 
the surface membrane of each individual fibre. In a manner still not 


fully understood, this passing membrane potential stimulates the 
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chemical reaction which causes the actin and myosin to react. This 
impulse and the resultant myofibril contraction functions on the 
basis of an all or none principle (7:52). Huxley (54) suggested 

that in the moment of activation cross-links are formed between 

the actin and myosin filaments, which successively react to draw 

the actin filaments along the length of the adjacent myosin filament, 
and shorten the length of the myofibril. 

Voluntary muscle strength or force has been considered 
a major determinant of athletic performance (31, 30, 20, 92). When 
physical educators discuss strength it is usually taken to mean 
"the ability of a muscle or a group of muscles to overcome resistance 
or create tension-push, pull or lift" (30:276). 

The three types of measurable muscle strength are dynamic 
concentric, dynamic eccentric and isometric (7). Within the scope 
of this study, only dynamic concentric and isometric contractions 
will be considered. The term dynamic concentric was chosen over 
isotonic in view of the fact that a muscle exerts different amounts 
of force as the bone levers to which it is attached become shorter 
or longer (7:74). 

Muscular power can be expressed in terms of applying force, 
with varying degrees of efficiency, to accomplish the task of moving 
an external object or the body itself. Improved performance is 
accomplished by increasing the velocity of movement through increased 
skill or efficiency in the application of the force, or by increasing 


the available force. 
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Cratty (31:219) listed ten factors which contributed to 
the performance of gross motor skills. These were: strength, 
dynamic strength or energy, ability to change direction, flexibility, 
agility, peripheral vision, good vision, concentration, understanding 
the mechanics of movement, and absence of emotional complications. 
Cratty considered strength ae sedaue as evidenced by its rank on 
the list of determinants. 

Counsilman stated that "The physical conditioning required 
for good swimming performance is made up of three major components: 
(1) strength, (2) endurance, and (3) flexibility (30:276). It is 
of no surprise that Counsilman has trained most of his swimmers 
using additional dry land strength programs. He has stated that 
"some swimmers who held world records and did not have dry land 
exercises would have performed better had they had such programs" 
(30:309). 

Carlile (20) also supports the use of dry land exercises 
for the strengthening of competitive swimmers. He gave the opinion 
that "strength and lexi at aty are very important factors for the 
competitive swimmer and both can be improved with special exercises" 
(20:49). On the basis of his experience he also stated that "there 
are few top swimmers in the world who do not work for strength out 


of the water in addition to their strenuous training in the water" 


(20:49). 
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Tihanyi (92) evaluated the relationship between fifteen 
aeudedenonat determinants and swimming speed in six competitive races 
of eleven to twelve year old age group swimmers in the 1970 Alberta 
Age Group Championships. On _ the basis of his analysis of these 
36 swimmers, he stated: "The various strength measurements were 
the most important contributors to successful participation among 
the maturational determinants" (92:128). The extremely homogenous 
nature of his subjects somewhat limited the range and power of his 


conclusions. 


Studies of Isometric Strength Training 


Hettinger and Muller (48) reported a series of experiments 
in which one isometric contraction of a muscle group against an 
immovable resistance caused an increase of muscle strength. The 
maximum isometric strength of the elbow flexors and extensors at 
90° of elbow flexion was established on the first day of the week 
and for the next five days the subjects performed the exercises. 

The intensity and the number of contractions were co-varied in 

order to determine which combination was most effective for strength 
increase. They concluded that the optimal method for increasing 
strength (maximum of 5% per week) was a single six second contraction 
of 67% of the subject's maximum isometric gevedech’ The small 

sample size of nine subjects may have contributed to the causes of 
these conclusions which were not repeated by later investigators. 


(59,67, 745.81). 
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Muller and Rohmert (67) theorized a level in an individual's 

training at which further increase in strength is impossible. They 
termed this state the "limiting strength". They assumed that 
limiting strength meant the same state of ultimate training for every 
muscle in the group being exercised. It followed from this, that 
the relative strength of an individual at any given time, was his 
strength as a percentage of limiting strength. They suggested 
that the less trained ahiceaii was at the beginning of a training 
period, the greater the rate of gain of strength. They compared the 
effects of four isometric training programs on the rate of strength 
gain from 80% up to 100% of limiting strength. It was found that 
the group training by multiple daily maximal contractions totalling 
thirty seconds took the least amount of time of four weeks to reach 
himiting strength. The group training for one six second daily 
maximal contraction attained limiting strength after five weeks. 
It took six weeks for the group using one daily maximum contraction 
held for one second to reach limiting strength. The group using one 
daily six second contraction ee 67% of maximal strength took nine 
weeks to reach limiting strength. To follow the course of strength 
increase and to adjust the training force for the sub-maximal group, 
a maximal test contraction was performed each week. This weekly 
maximal test was itself a training stimulus. (67). 

Liberson and Asa (59) found that isometric training for 


20 repeated six second maximal contractions per day increased strength 
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by 203%. This was opposed to an yneueane of 174% in a group which 
trained at a single daily maximal contraction for six seconds. These 
powerful results were limited by the small sample size of their 
groups, which totaled 26 subjects. 

Berger (10) compared the effect of varied sets of static 
training on dynamic strength. He compared three groups, which were 
exercised at two positions of a static bench press for one, two and 
three sets held for eight seconds at maximum effort. He found by 
measuring the single repetition maximum of a dynamic bench press, 
thatuthe different methods resulted in approximately the same 


improvements in dynamic strength. 


Studies of Dynamic Strength Training 


In 1945, DeLorme (36) developed a procedure to strengthen 
atrophied musculature. His subjects were patients who had undergone 
bone and joint surgery. He adapted a table with lever and pulley 
mechanisms on which most affected muscle groups could be exercised. 
Once each week the maximum dicdue of weight that each subject could 
lift was determined. This he termed the one repetition maximum (1RM). 
He then measured the amount of weight the subject could lift ten 
times only, and called it the 10 repetition maximum (10RM). He 
required each of his 300 subjects to lift seven to ten sets of the 


ten RM for the four remaining days of the training week. His method 


was effective for increasing muscle strength and range of motion of 
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the affected joint by progressively raising the ten RM each week. 

DeLorme (36) modified his original method in 1948. The 
modified version proposed only three sets of ten contractions each 
day. The first, second, and third sets consisted of 50%, 75% and 
100%, respectively, of the ten RM. He did measure the one RM and 
the ten RM each week, as he did with the original method. 

Today, most dynamic exercise methods used primarily for 
strength increase are patterned after the DeLorme basic concept of 
exercising muscles using the overload principle, or as Counsilman 
stated ''a greater load or stress is placed on the muscle than it 
is normally exposed to" (30:280). 

Berger (1]) studied the effect of varied dynamic weight 
training programs on strength. The experiment was conducted with 
the bench press lift as the dependent variable. He compared nine 
different training groups of one, two and three sets; and two, six 
and ten maximal repetitions per set, with approximately twenty 
subjects in each group. All of the groups trained three times a 
week for a twelve week period; during which he took the one RM in 


the bench press at the beginning of training and at three week 


14 


intervals until the end of training. He concluded that all training 


methods increased strength stignificantly (P=01). Training in the 
group which performed three sets of six repetitions seemed to be 
the optimum for increasing strength over the duration of the twelve 


week schedule. 


i 


oer rey ss 16 ganna dee betd? bow: a 
one Ma eat: eds. Pee 3 bEb-sH, rd net ods ‘ta 
bod tem Lantatso si3 dgkw ‘Bab od ee wth 


Tot elbzentse beaw pboriaom | o bmeae| seca ‘epi a Xue “a 
As 4ga0002 heed surzo.lad add pats hoatoesing, ota, sanenont i ail 
nemibenued BB x0 edt omitg: baoiza¥0 ona gute ask owe : ; 
at weds. stoeue ST £0. ‘booale at aaouse caenmamnn : 
“(0b ae) Nod beaeqae 

rg! how otmedel bairay 26 ‘Ades nat btbose (60) eeu 
A boraubmes 28u siotinsge Fat “Srlagaeene Ho: Sime sO 
; eres: ‘borsanos, si - seldabyse Joan nih) ee rik eosiq tcl 


ie 


xis ud bits’ vate -so7mtt tas ous A to ‘aqitong: di Kon ale sou fl r: 


1 
Bo aa 


ts. 


(aasw2 ciapaateongg saKse) ase 29 onot 3435994 Lectaem seg. ba 
& dents senda, bonkewt eaverg oid to tia” QUO done th. erate 
mt Mr aro od Looa of Lope ies cibk ‘pbetaeg loow aided sas 102 aaow ns 
i w8eu “api om Beet eee to anraiged = 3B ‘eeeg asasdé ofa a aq 
“anes tte ates Bebuoaes i sankehess, as bass ods verte alevsozit | 

at st Botatexs . »X L0m sy. clases iniabe Sabionae beasatvad sharktoa ola a Hs, 
2s ae od bemsee Sete xis. Ao ss tae S97ds bemjoirag so kaw quo3g 7 


eviews ofa - to obseayb | oti #3V0  dgaorate gn bese sot 10% musik igo auld 


ge ae ee Ae ai ee elubatoe dase 


oy 


15 


Studies of Dynamic Versus Isometric Strength Training 


Liberson and Asa (59) studied the effects of isometric 
and dynamic strength training on 26 subjects. All groups trained 
four times a week using the abductor digiti quinti muscle. The 
dynamic group trained on three sets of 50, 75 and 100% of the ten 
RM, while half of the other group trained as two subgroups using 
a single maximal six second contraction, and twenty maximal six 
second contractions. They found isometric to be superior in 
strength increase over the DeLorme method; the repeated isometric 
contractions were significantly better than the single isometric 
contraction for strength increase. 

Meadows (63) trained 60 subjects isometrically and 60 
subjects dynamically on elbow flexors. Both isometric and dynamic 
were subgrouped ; fifteen in each of four groups, trained two, 
three, four and five times per week for four weeks. Dynamic training 
consisted of exercising to exhaustion at 30% of maximum strength. 

A maximum effort for six second pulls was the isometric training. 

He reported that the isometric program caused a greater number of 
subjects to gain significant amounts of strength. The five training 
bouts per week were most beneficial for strength gain. 

Danielson (32) compared the effects of concentric, eccentric 
and isometric training on maximum voluntary strength of the leg 
extensors. He compared equal groups of ten subjects that trained 
three times a week progressing from six to eighteen contractions 


per session; all contractions taking six seconds to complete. He 
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concluded "Isometric training proved to be the most effective in 
improving strength of all three types over a training period of 
seven weeks" (32:97). 

Knee extensor strength training of high school boys in 
Edmonton was conducted by Richardson (77) in 1963. Sixty grade ten 
boys were divided into three Ae One group was trained isotoni- 
cally-isometrically, the other was trained isometrically at knee 
angles of 115 degrees and 135 degrees of flexion. He found that 
the isotonic group increased significantly over the isometric 
group at the 135 degree angle and that there was a significant 
difference between the two groups at the 115 degree angle. Both 
groups increased significantly over the control in both strength 
and endurance or holding time. 

Morris (66) compared the effects of isometric and dynamic 
training programs on quadricep strength and performance in a middle 
distance running event. His four groups of 30 subjects each, 
consisted of; interval running and dynamic strength training, interval 
running and isometric eeredeen training, control A interval running, 
and control B with no training. The groups trained three times a 
week for eight weeks. He observed a significant improvement in the 
first two groups, plus the dynamic program improved strength and 
running time more than the isometric program did. 

Darcus and Salter (33) compared gains in strength resulting 
from isometric and dynamic strength training programs in pronation 


and supination of the forearm. The two groups made use of unilateral 
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training of 30 contractions per day for five day and for 28 day 
training periods. They found no significant differences between 
the two training methods. The study did show non-significantly 
greater increases for the dynamic over the isometric training. 
The investigaters, unfortunately, did not take into account the 
effect of the eccentric training which resulted from the subjects 
slowly releasing the weight after concentrically raising it, 
which may have affected the final results. 

Dennison, Howell and Morford (38) equated two groups 
of ten subjects on arm strength index scores as indicated by the 
maximum number of arm chin-ups and arm dips that each of the 
subjects could complete. The subjects were then assigned to 
equivalent isometric and dynamic strength training programs 
consisting Be two sessions a week for eight weeks. They concluded 
that both groups improved arm strength index and that both groups 
improved significantly in muscular endurance of the upper arms, 
with slightly greater gains in mean strength for the dynamic group. 
It was also suggested that the reduced time necessary for the 
isometric program was a positive factor of that particular program. 

The relationship between changes in strength of the 
quadriceps muscle and changes in reaction time and movement time, 
in a knee extension movement was studied by Kerr (56a). He trained 
45 male physical education university students in three eraups of 


equal mean RT and MT. One group served as a control group, one as 
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an isometric ¢raining group and the other as an isotonic group. 
The isometric and isotonic groups trained four times a week for 
five weeks. The isometric group was trained for three, six second 
maximal contractions at three angles of 1359) 135° and 155°. The 
dynamic group lifted a maximal weight from the 90 degrees flexion 
position to the 165 degrees extension position over a six-second 
time period, after which the weight was removed to avoid any 
eccentric training stimulus. This was repeated twice more after 
rest periods of ten and twenty seconds. If the subject could 
successfully lift this weight, another one and one quarter pounds 
was added to establish a new maximal weight. He found neither 
speed of movement nor reaction time was increased as a result of 
the training. Both groups gained significantly in strength over 
the controls, but there was no significant difference between the 
gains of the two groups. 

Coleman (28) compared the weekly strength changes produced 
by training the forearm flexors of one limb isometrically and the 
contralateral limb dynamically in 23 subjects. Eleven subjects per- 
formed the dynamic exercises with the left arm, and the other twelve 
subjects performed the same dynamic exercises using the right arms. The 
isometric exercises were performed on the opposite limbs of each of 
the same 23 subjects. The dynamic group trained unilaterally for 
two sets of five RM starting from 110 degrees of elbow extension 


using the weight for the five RM. Increments of weight were added 
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to both methods as the subject increased the five RM. Training 
occurred three days a week for twelve weeks. eb lena analyzed the 
weekly percentage changes and final mean scores and concluded that 
gains in muscular strength following isometric and dynamic training 


occur at a similar rate. 


Specific Versus Non-Specific Training 

The theery that the central nervous system can affect 
muscular strength without training the affected muscle group is 
a popular concept. Cratty (31:290) stated that "Transfer from hand 
to hand of a skilled act, to some degree always occurs. It is 
usually taken to indicate that skilled performance is a function of 
central rather than peripheral processes in the nervous system." 
From his sunvey of the research, he reported that: 

It was found that as much bilateral transfer occurred 

in a one-handed manipulative task as was derived by the 

subjects when they simply watched another individual 

perform the task first! (31:290) 

In his study of the effects of dynamic versus isometric 
leg extensor training on motor performance in a vertical jump, 
Berger (9) trained four groups, with a total of 89 subjects, three 
times a week, for eight weeks. The first group trained dynamically 
on one set of ten squats per session at the ten RM ievel, while the 
second dynamic group trained using ten jumping squats at 50% of 


the ten RM level per session. The isometric group trained with six 


second maximal contractions at two positions. The first was with 
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upper legs, parallel to the floor, and the second position was 
extension of the knee at 135 degrees. The last group trained at 
the level of ten vertical jumps per session. He found significant 
differences in vertical jump performance (P=.01) for both dynamic 
groups, with no significant difference in the performance of the 
isometric group (P=.05). These results. indicate that the dynamic 
progressive resistance training, which was similar to the task, was 
the most effective for increasing jumping height performance. 

Some investigaters agreed that direct practice or task 
specific training is the ideal form of training for any complex 
activity. Roberts and Alspaugh (78) trained 36 subjects, in two 
equal groups, for treadmill walking and bicycle riding at increased 
intensities, for three times a week over a five week period. Pre- 


and post-tests of PWC were administered to each group. In the 


150 
post-training testing, both groups performed tests in bicycle 

riding and treadmill walking. It was found that the treadmill 
trained group, which were tested on both the treadmill and the 
bicycle ergometer, had no significant difference in measured gains 
of cardiovascular function. The bicycle trained group, which was 
tested the same way, sustained gains in functional cardiovascular 
response which were significantly greater than the improvement shown 
when measured via the treadmill test. 


Murphy (69) trained the quadriceps extension function in 


three groups of dynamic, isometric, and non-trained controls. He 
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trained the 24 male subjeats in each group for three sessions per 
week over a nine week training period. He tested the effect of 
each training type on the quadriceps function by means of a static 
test and a dynamic test. The static test was a measure of iso- 
metric tension exerted by the lower leg at an angle of 135 degrees. 
The dynamic test consisted of measuring the rotary torque developed 
under four varied loads of resistance, of 50, 40, 30, and 20% of 
initially recorded isometric strength in pounds of tension. He 
found that neither training group was able to exert a greater 
torque after training than they had prior to completing the 
programs. He concluded that there was little or no relationship 
regarding gains in static strength and changes in the ability to 
perform an act that generates torque. 

Schultz (82) tested the effects of different training 
methods on performance in a 60 yard run, broadjump, and zig-zag 
run. The training groups were weight-training (WI), direct 
practice (DP), and repetitive sprinting (RS), together with three 
combined groups of RS-DP, WI-RS and DP-WI. Each group consisted 
of twenty university freshmen, who trained three times a week for 
four experimental time periods: a nine week period ‘(the first 
eighteen training sessions), a vacation period (due to spring 
recess of thirteen days), a post-vacation period (training 
resumed for three sessions); a total experimental period ( twenty- 
one sessions plus the vacation). He concluded, within the limitations 


of his study, that the direct practice alone or in combination with 
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the training of repetitive sprinting and weight training was 
superior to weight training for increasing standing broadjump, 
zig-zag run, and 60 yard dash perfowmances. He found that the 
vacation period and the short post-vacation nate es period did 
not significantly affect performance, except in the case of zig- 
zag run, from the performance immediately after the initial nine 
week period. These conclusions give further evidence to the 
concept that repetitive motor performance of a task is the best 
training for that task. 

Bender and Kaplan (7a) suggested that isometric contractions 
must be executed at various angles throughout the range of motion 
rather than at one specific point or angle. This they found to be 
nesessary for improving the strength of the affected muscles through- 
out the whole range of motion of the joint. 

Counsilman concurred with Bender and Kaplan when he 
stated: 

A muscle that is contracted isometrically in only one 

position will tend to become strongest in that position. 

In order to develop strength through the full range of 

movement of a muscle, it is recommended that a series 

of isometric contractions be used at various angles 

throughout the full range of movement. The name applied 


to a series of this kind of isometric contractions is 
intermediary contractions. (30:283) 


Studies of Strength in Relation to Swimming 


Tihanyi (92) examined the contributions of fifteen independent 
variables, which he termed maturational determinants, on the swimming 


performance of 36 subjects in six swimming events. All of the 
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subjects were in the eleven to twelve year old age group and all 
had qualified to participate in the 1970 Alberta Age Group Provincial 
Championships. He recommended that strength, as a composite of 
shoulder, knee, ankle and trunk strengths, were the most important 
contributors to successful swimming performance. He suggested 
that shoulder strength was the most important determinant of success 
in the 100 metre freestyle swim. He suggested th his conclusions 
that: 
Perhaps the development of specific motor patterns, 
characterized by the different swimming strokes, which 
require specific strength and flexibility qualities, 
may be the avenue to a more successful but less 
stressful training regimen for young swimmers. (92:130) 
Counsilman (30:27) performed an experiment to test the 
contribution of the flutter kick to forward propulsion in the 
freestyle stroke. He attached a variable speed towing device to 
a strain gaage platform at water level. The varying forces on 
the tow rope were measured at different rates of tow with the 
swimmers gliding only and with the swimmer flutter kicking at 
maximal force. He found that the flutter kick, when used at maximum 
effort decreased the tension on the rope, for speeds of under five 
feet per second. When towing speed became greater than five feet 
per second, the kick contributed nothing to the speed of tow and 
actually increased ae ae on the tow rope for some individuals. 


Counsilman's study above seemed, on a superficial level, 


to be contradictory to his previous advocation of reduced emphasis 
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on the kick. This was explained by Counsilman's estimation of 

the flutter kick as primarily a stabilizing rather than a pro- 
pulsive component. The remarkable performance of swimmers trained 
by Counsilman seems to give practical, as well as theoretical 
weight, to his estimation of the role of the flutter kick in 


swimming front crawl. 


Studies of Pre-Adolescent Training Effects 


Brown et al. (15) reported that pre-adolescent girls 
were capable of adapting to cross-country endurance training, of 
cardiovascular and muscular functions, in a fashion very similar 
to adults. He monitored the endurance training programs of twelve 
girls between the ages of eight and thirteen years, who had a& 
least one year experience in training with track clubs. Eight 
female track athletes who did not train for endurance running 
acted as controls. The training programs varied among the three 
participating track clubs, but generally sessions were one to two 
hours long on four or five days of the week, for a total of twelve 
weeks. He found that mean maximal oxygen uptake at maximal work 
loads increased 26% in the experimental group with no change in 
the controls. There were no observable detrimental effects to the 
training group. 

Wilmore and Sigerseth (95) determined the physical work 
capacity of 62 girls between seven and thirteen years using a step 


increment test on a bicycle ergometer. The values obtained for 
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the various parameters measured, including submaximal and maximal 
oxygen intakes and submaximal and maximal heart rates, were similar 
to previously measured values they found for boys of approximately 
the same ages. This suggested that within these ages, there were 
no basic differences between the sexes in their physiological 
responses to maximal exercise. Maximal heart rate was independent 
of the person's physical work capacity. On the basis of this 
finding it is doubtful that this parameter could be used with any 
validity to predict maximal oxygen uptake. This is a deviation 
from the relative predictability of adult MVO,, from submaximal 
parameters. 

Murphy (68) measured the strength of a selected group of 
muscles on 657 elementary school boys for the purpose of studying 
the pattern of muscular development in boys ages six to eleven 
years. The instrument he used to measure muscle strength was the 
cable tensiometer, and the muscle groups tested were the elbow 
flexors, elbow extensors, shoulder flexors, hip flexors, hip 
extensors, and knee eters Total strength(i.e. the sum of all 
these measures)was also computed for each subject. The conclusions 
were as follows: (1) the pattern of growth in strength is an 
irregular one for the six age brackets studied (6, 7, 8, 9, 10, 11 
years); (2) the pattern of growth in strength is irregular as 


height increases; (3) the percentage contribution made by each muscle 


group fluctuates slightly through the age levels, and through the 
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height levels. These results suggest that subjects of this age 
range will generally follow the same trends in response to cardio- 
vascular and strength training as do adults. These results, however, 
do illustrate a greater degree of unpredictability when dealing 

with physiological measurement of children under the age of twelve 


as opposed to older subjects. 


Studies in Tensiometric Strength Measurements 


Clarke (25) conducted experiments on the comparison of 
instruments for recording muscle strength using the Wakin-Porter 
strain gauge, a Newman myometer, spring scale and the cable 
tensiometer had the greatest precision for strength testing. He 
concluded that the cable tensiometer was the most stable, precise 
and useful of the instruments he tested. 

Huntington (53) measured total strength by using four 
cable tensiometer tests which were administered to 150 elementary 
boys. High, middle, and low strength groups, containing fifty 
boys each, were formed from the corresponding cable tensiometer 
test scores. He then dumtatatered motor fitness test batteries 
which included: an agility test, a cardiovascular endurance test, 
a power test, a strength and muscular endurance test and a running 
speed test. He concluded that relationships between strength and 
total test batteries showed low positive or negative correlations 
at all strength levels. He found the cable tensiometer to be an 


accurate device for measuring strength, but not practical for 
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predicting achievement on the selected motor fitness tests, on 
the basis of the type of strength it measures. 

Chui (22) studied the comparative effects of isometric 
and dynamic weight training exercises on: (1) strength and (2) speed 
of execution of a single movement. He strongly supported the use of 
the cable tensiometer as the instrument best suited for strength 
Measurement by using it to obtain eight strength scores for each 
of his ninety-six, male, university subjects. The eight strength 
scores included: elbow flexion (right), elbow extension (right), 
shoulder vertical flexion (right), shoulder horizontal flexion 
(right), trunk flexion, trunk extension, hip extension (right), 
and knee extension (right). In comparing the three experiment 
groups that he tested, he concluded that there were no statistically 
significant differences, at the five percent level of confidence, 
in the gains in strength and in the accompanying gains in speed of 
movement against no resistance and against resistance. 

Burnham (19) investigated the relative effectiveness of 
the two different methods of Ais se on the development of muscular 
strength in individuals with different levels of strength. His 
subjects consisted of 148 college males who voluntarily participated 
in a ten week exercise program. The subjects participated three 
days a week in one of the following exercise programs: isotonic 
exercises for ten weeks, isotonic exercises for five weeks followed 
by five weeks of isometric exercises, isometric exercises for ten 


weeks, or isometric exercises for five weeks followed by five weeks 
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of isotonic exercises. The cable tensiometer was used to measure 
muscle strength before, during the middle, and at the end of the 
training program. The four strength tests used were: arm flexion 
and forearm extension, arm extension and forearm flexion, thigh and 
leg extension, and trunk flexion. It was concluded that there 
were no significant differences between isometric and isotonic 
contractions in the development of muscular strength either for 
the group as a whole or for the different strength levels. 

On the basis of the previous studies, the cable tensio- 
meter was chosen as the measuring instrument for the present 
study due to its ease of use, accuracy, and equal bias toward 


measurement of all treatment groups. 


Flexibility 
Flexibility is an area which has been studied by physical 


educators generally and specifically, by competitive swim coaches 
(20, 30, 57, 92). Counsilman €30) emphasized the importance of 
specific flexibility in the shoulder and ankle joints. He stated 
that varsity swimmers ranked highest in these two flexibility 
measures when compared with athletes of other varsity sports at 
Indiana University. Tihanyi (92), in a recent study, evaluated 
fifteen maturational determinants against swimming speed. He 
concluded that shoulder extension strength may be the most important 
factor, with composite flexibility the fifth most important factor, 


when considering the 100 metre freestyle performance. 
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CHAPTER III 


METHODS AND PROCEDURE 


Subjects 


Subjects for the study were 46 first year competitive 
swimmers who trained with the Cascade Swim Club of Calgary from 
the beginning of October 1973 until the end of May 1974. All of 
the subjects were within the age range of seven years (89 months) 
and twelve years (147 months). The Labjecte were screened by 
subjective visual observation and, in some instances, by coach- 
swimmer consultation to eliminate those who had begun pubertic 
changes, as evidenced by the secondary sexual characteristics, 
and menarche in the female subjects. Fifty-four subjects out of 
a possible eighty-threé were arrived at by this process, however, 
four subjects in the control group, three in the isometric group 
and one in the dynamic group did not complete the program. This 
left a total of 46 subjects, fourteen in the control group, fifteen 
in che isomertic group, and seventeen in the dynamic group. The 
subjects were of both sexes and participated in no organized 


athletic activity other than the competitive swim training. 


Experimental Equipment 


The experimental equipment consisted of five exergym, 
dynamic exercises (Figure 1), five isometric training exercisers 


(Figure 2), five three-eighths of an inch metal training hooks, 
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which were permanently anchored to the concrete walls, five wooden 
benches, a T5 aircraft cable tensiometer, and an eighth of an inch 
diameter steel cable. 

The Exergym, machine (Figure 1) is a device which makes 
use of friction to vary resistance. A rope passes through two 
apertures on either side of an external cylinder. Between the two 
apertures the rope is coiled around an inner cylinder. The cylinder 
varies the friction and the resistance on the free movement of the 
rope. An external dial setting enables the user to select increasing 
amounts of resistance to the rope movement. 

The metal T5 aircraft cable tensiometer, manufactured by 
the Pacific Scientific Company, (Figure 3) measures the amount of 
tension that is being exerted along the length of a steel cable. 

The range of measurement of the instrument can be adjusted by using 
different sizes of riser and by using cables of different diameter. 
For the purpose of this study, a number 1 riser and an eighth of an 
inch steel cable were used for measuring arm strength. The instru- 
ment was calibrated to yield measurements in pounds of tension for 
each reading on the dial face. The calibration values are presented 
in Appendix A. 

The isometric exerciser consisted of a five and a half foot 
length of non-elastic rope, with a hand grip attached to one end, 
plus a slip knot at the opposite end (Figure 2). The length of 
this exerciser was kept constant throughout each session and for 


the entire duration of the program. 
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FIGURE 3 MODEL T5 AIRCRAFT CABLE 


TENS IOMETER 
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Experimental Design and Training 


Since the subjects had no previous experience in training 
for competitive swimming, it was to be expected that they would be 
quite diverse in their responses to the physiological demands of 
the training. In order to compensate for this, the subjects were 
all trained on a swimming program Eee of weight training and 
flexibility exercises for the first seven weeks of the season. 

The subjects were assigned to three groups according to 
initial swimming speed. The resulting three groups had statistically 
identical mean times taken to complete a 100 metre freestyle swim. 
The groups consisted of an isometric training group, a dynamic 
training group, and a control group. Each of the three main groups 
were subgrouped into flexibility exercises, and non-flexibility 
exercises, using half of the subjects from each of the main groups 
to represent this sample, The six groups, therefore, consisted of: 
isometric training with flexibility exercises, isometric training 
without flexibility exercises, dynamic training with flexibility 
exercises, dynamic training without flexibility exercises, a control 
group with flexibility exercises, and a control group (See Appendix D). 
Subjects trained consistently in the same training room three 
sessions per week, on Monday, Wednesday and Friday during the same 
péme period each day. 

The isometric group trained using two six second maximal 
contractions at each of three arm positions for a total of six six 


second maximal contractions, which were done with each arm. These 
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positions simulated motions in the front crawl stroke and were 
equivalent to the point of entry of the hand into the water 
(Figure 4a), the arm position midway through the stroke (Figure 4b), 
and the arm position just before arm recovery (Figure 4c). The 
mid position for the purpose of the exercise was chosen as the 
point at which the elbow was at 90° flexion and the upper arm 
formed an extension of the line of the shoulders. The isometric 
subjects completed one contraction with the right arm in the 
beginning position, and then rested that arm for ten seconds 
while they performed the same contraction with the other arm. 
This was repeated once more for each arm in the initial position. 
This procedure was repeated for the remaining two arm positions. 

The dynamic group trained for six sets of twelve arm 
cycles per set. The twelve cycles were performed alternately by 
the arms so that each arm accomplished six repetitions per set. 
A single arm cycle or repetition was the resisted motion from the 
initial catch position of the hand with the arm extended over head 
(Figure 5a), through the mid position (Figure 5b), to the arm 
position just before recovery (Figure 5c). The arm was recovered 
back to the starting position while the alternate arm began its 
cycle. 

The six repetition maximum (6RM) was that resistance 
setting, on the adjustable dial of the Exergym, , which the subject 


could complete a maximum of six repetitions with each arm. It was 
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FIGURE 5a DYNAMIC CATCH POSITION 


FIGURE 5b DYNAMIC MID POSITION 


FIGURE 5c DYNAMIC ARM POSITION IMMEDIATELY PRIOR TO RECOVERY 
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decided to consider these dial settings as the reference point for 
each subject's six RM. The reasons for this choice of six RM value, 
as opposed to an absolute measurement of pounds, was threefold: 
intra-machine friction was subject to change as the rope became 
worn; inter-machine variations were uncontrollable due to rope 
friction variance and individual specifications of each Exergym, 5 
such a method of determining the six RM was more easily remembered 
by each individual. 

The investigater attempted to minimize variation due to 
intra-machine friction changes by replacing the ropes after 
completion of the first four weeks of training. In order to minimize 
variation between machines, each machine was numbered and each 
individual used the same machine throughout the program. 

Since the six RM was the resistance value and the dial 
setting for the final set, it was the reference point used to 
determine the dial setting for the preceeding five sets. If the dial 
setting for a subject's six RM was twelve, then the subject counted 
back ten dial settings to Sie fend used that dial setting for the 
first set. An increment of two was added to the dial setting for 
each succeeding set, with the second set performed at a dial setting 
of four, the third set at six, the fourth set at eight, the fifth 
set at ten and the/last set at twelve, which, for this hypothetical 
case, was the six RM value. 

Throughout the program the six RM was re-determined weekly. 


The subject had to meet three criteria for the re-established six RM: 
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first, the resistance was the maximum that could be pulled for 

six times by each arm; second, it had to be performed at a cadence 
of one arm pull per second for twelve seconds for a total of six 
seconds per arm per set; and third, all of the six repetitions for 
each arm had to be performed. In this manner, the duration of 
exercise for each dynamic subject was equalized with the time taken 
by each isometric subject to complete six maximal isometric con- 
tractions held for six seconds each. 

The control group of fourteen subjects underwent no 
strength training other than the swimming program itself, which 
was identical for all groups. The experimenter felt that a placebo 
program was necessary to compensate for any motivational effect 
that non-training might have had on the control subjects. With 
this in mind, a superficial massage was performed on each subject 
for the same amount of time that the others trained. This consisted 
of light finger tapping on the arms, legs and shoulder girdle of 
each member of the control group. No penetration was permitted 
beyond the superficial layers in order that deep muscles received 


no training effect. 


Testing Procedure 


All of the subjects were tested in the same exercise room 
at the same time of day as that of the training periods, which were 


from 4:00 p.m. to 5:45 p.m. Monday, Wednesday and Friday. Each 
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subject was tested by the experimenter, who was the only person, 
other than the subjects, present during the tests. A subject was 
asked to lie prone on a testing bench, which was adjusted to the 
cable length by the experimenter. The subject was asked to pull 
on the hand grip attached to the cable for a steady maximum con- 
traction, with the elbow at 90° flexion and upper arm forming the 
extension of the shoulder line. The single arm strength reading 
was thus registered on the cable tensiometer (Figure 6). 

Two subjects were measured alternately. The experimenter 
took one reading of the right arm strength of subject one, followed 
by one reading of right arm strength for subject two. In this way 
the subjects were given 30 seconds rest between measurements. This 
method was repeated for left arm strength measures of each subject, 
and then poeated once more for tight and left arm measures. The 
resting subject served as a stabilization force while the other 
subject was being tested. This was done by sitting on the back 
of the legs of the subject being tested. This ensured that the 
subject could not change position during the testing contraction. 

The subjects were peated * tor arm strength on a total of 
four trials for each arm. Two of the trials for each arm were 
measured before the commencement of the strength training program. 
These two arm strength trials were averaged and added together to 
give a pre-training composite strength score. That is, the average 


left arm strength score was added to the average right arm strength 
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score to yield an average composite score for arm strength. Similarly, 
two strength measures for each arm were taken immediately after the 
conclusion of the training program to give a post-training composite 
strength score. The pre-training swimming performance time for each 
subject was the time taken to complete a 100 metre freestyle swim 
under competitive conditions before initiation of the exercise program. 
The post-training 100 metre freestyle time was determined for each 
subject during the week immediately following the last week of the 
strength training program, and was also swum under competitive 


conditions. 


Calibration of the Apparatus 


The cable tensiometer was calibrated by comparing the 
indicated detieedien on the dial face to a known load on a tensio- 
meter calibrator. The calibrator, provided by the Faculty of 
Engineering, University of Calgary, consisted of a cable connector 
attached directly to the tension measuring scale at one end, and to 
a fixed hook at the other end. The calibrator readings in pounds 
of tension, from 1 to 50, were noted and calibrated to the corresponding 


tensiometer readings. 


Statistical Treatment 


Repeated measures of arm strength and swimming time were 
taken prior to and after the strength training period for each of 


the subjects. Pearson's Product Moment correlation technique was 
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used: i) to determine the reliability of tensiometric measures, 


ii) to examine the correlation between strength and swimming 


performance before strength training, iii) to correlate measures 


of strength and swimming performance after strength training, and 


iv) to determine the correlation of the difference between pre- 


and post-arm scores to the difference between pre-and post-swimming 


performance times. 


The obtained data were subjected to the following analyses 


of variance: 


1) 


2) 


3) 


4) 


5) 


A 2 factor ANOVA of flexibility effect versus pre- 

and post-training swimming times for all groups 
combined. 

A 2 factor ANOVA of flexibility effect versus pre- 

and post-training swimming times for the control group 
only. 

A 2 factor ANOVA of sex versus flexibility effect on 
post-training swimming time. 

A 3 factor ANOVA of sex effects versus training methods 
pre- and post-arm strength scores. 

A 3 factor ANOVA of sex effects versus training methods 


versus pre- and post-swimming times. 


In order to equalize the number of subjects in each cell, for (4) and 


(5) above, the data for three subjects from the dynamically trained 


group and for one subject from the isometrically trained group were 
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randomly deleted. 

6) A 2 factor ANOVA of the three training methods 
versus pre- and post-arm strength scores. 

7) One factor ANOVAS of the different training methods 
for each of the pre-training strength scores and post- 
training strength scores. 

8) A 2 factor ANOVA of the three training methods 
versus pre- and post-swimming times. 

9) One factor ANOVAS of the different training methods 
for each of the pre-training times and post-training 
swimming times. 

The programs used for analyses of variance were the ANOV30, 
a three way analysis of variance with repeated measures on the third 
factor; ANOV25, a two way analysis of variance; ANOV23, a two way 
analysis of variance with wepeated measures on the second factor, 
and ANOV15, a one way analysis of variance. All of these programs 
were found in the library of statistical programs of the Division of 
Educational Research Services at the University of Alberta. 

Pearson's Product KGment, correlation was performed by 
means of the Olivetti Programma 101 in the School of Physical Education 


at the University of Calgary. 


Hypothesis 


The null hypothesis was used as the basis for comparison 
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This hypothesis assumed there were no experimentally 
significant effects as a result of different treatments applied to 
the groups: 

1) That flexibility training had no significant effect 

on the repeated measures of performance time. 

2) That sex of the subjects had no significant effect 

on repeated measures of arm strength scores. 

3) That sex of the subjects had no significant effect 

on repeated measures of performance time. 

4) That three types of strength training had no signifi- 

cant effect on repeated measures of performance time. 

5) That three types of strength training had no signifi- 


cant effect on repeated measures of arm strength scores. 
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CHAPTER IV 


RESULTS AND DISCUSSION 


Analysis of the data is presented in the following 
subsections: subject data, flexibility effect, sex effect, perforn- 
ance on strength tests, performance on swimming tests and correlation 


between changes in strength and changes in swimming performance. 


Subject Data 


The age, strength scores and swimming times are presented 
for the three different training groups and the total sample in 
Tables I, II, III and IV. Analyses of variance were performed on 
all variables except age of the subjects. 

Table V shows the results of analysis of variance for pre- 
training swimming times. There were no significant differences (P=.05) 
between the means for opbbtrais ite swimming times of the three training 
groups. 

In Table VI, the summary for pre-training arm strength is 
shown. There were no significant differences (P=.05) between the 
means of the three training groups for pre-training arm strengths. 

Table VII presents the summary for post-training swimming 
times. There were no significant differences (P=.05) between the 
means of the three training groups for the post-training swimming 


times. 
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The means of post-training arm strength scores are pre- 
sented in Table VIII. There were no significant differences 
(P=,05) between the post-training arm strength scores of the three 


training groups. 


Flexibility Effect 


The two flexibility training groups consisted of subjects 
who either performed the flexibility exercises or did not perform 
the flexibility exercises, depending on which sub-group for flexi- 
bility to which they were assigned (Appendix C). 

Table IX shows the summary of a two way ANOVA of flexibility 
training and repeated measures of swimming times for the two groups. 
There were no significant differences between the two flexibility 
training groups for group mean times of initial and final trials, 
but there was a significant difference between initial and final 
times summed for both groups (P=.01). 

Table X presents the initial and final mean swimming times, 
standard deviation, difference between the means, standard error and 
t-ratio for the total group of 23 trained on flexibility, and for 
the total group of 23 with no flexibility training. The differences 
between initial and final times were significantly different at the 
-01 level for both groups. The difference between initial and final 
times were not significantly different from one group to the other. 

Table XI presents the summary of a two way ANOVA of 


flexibility training and swimming times for the control group only. 
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There was a significant difference (P=.01) between initial and 
final times summed for both halves of the control group, but no 
significant difference in the initial and final times between 
the two flexibility treatments in the cont:rol group. 

‘.<Table XII presents the initial and final mean swimming 
times, standard deviations, difference between the means, standard 
error and t-ratio for the control group of seven trained on flexi- 
bility and for the control group of seven with no flexibility 
training. The differences between initial and final times were 
significantly different at the .05 level for both groups, but 
the differences between initial and final times were not signifi- 
cantly different from one group to the other. 

Table XIII displays the summary of a two way ANOVA of 
flexibility dud sex effect on final times of all groups combined. 
There was no significant difference between the group means of 
final swimming time for the male and female groups. There was no 
significant difference between the group means of final swimming 
time for the groups trained with flexibility and the groups trained 
without flexibility. The interaction of sex and flexibility was 


not significant with respect to final swimming times of the groups. 


Sex Effect 


In the previous subsection it was noted that sex of the 


subjects and flexibility training showed no significant interaction 
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with respect to the final swimming times, as shown in Table XIII. 

Table XIV presents the summary of the three way ANOVA of 
sex versus strength training method versus initial and final arm 
strength measures. There was no significant difference in the 
initial and final mean arm strength measures of the female subjects 
as opposed to the male subjects. There was no significant difference 
in the initial and final mean arm strength measures of the control 
group, the isometric group and the dynamic group. There were small 
and insignificant F ratios for the interactions of sex and strength 
training method (F=.14), sex and repeated measures of strength 
(F=.50) and sex and strength training method on repeated measures 
of strength (F=.18). There was a significant difference (P=.01) 
between initial and final arm strength trials summed for all groups. 

Table XV presents the initial and final mean arm strengths 
and the t-ratio of the differences between them, for the total 
number of 23 female subjects in all training groups and the total 
number of 23 male subjects in all training groups. The difference 
between initial and final arm strengths were significantly different 
at the .01 level for both groups summed. There were no significant 
differences between groups. 

A summary table for the three way ANOVA of sex and strength 
training method on initial and final swimming times is presented in 
Table XVI. There was no significant difference in the initial and 


final mean swimming times of the female subjects as compared with 


ee olde at ou sean) : pstion 2 

i AiOnA yew soxdy ana do cet 2 

MIS teak Bee iptatab meaty poitsan ¢ oar 

silt ab saneaRath danabitogte on! ae. : ‘ 

evan idie! olan ‘ead. io Mere ec it 

somoxe 2th auepbitoaie on enw axed, 
be 


foxes and ao eomessa stagioate: is sum y 


swe Saou aon. savoy ateningh aoa bas quoi 


ao O08) onaao3ibb tonite ma cule at 
‘ NC -equntig ie ae ih ee me di : 2 ae 


“ sanazonaee sat: | “equorg amo ts a osetia prey 40 5 
“sadosmd eb clans kikage Siem, eingesea: mre haart bas. datatat 


damon Tate, eaten sion Sebi aiony, ied Eas ievel, 10. ode i. 


| ; | age 803 aomwaed Wagan z9 228 
“siagnaada bie xae 2. aston a sexit ofa x62 sided. yraame A a 


as Basnses a af aomis gntnatwe Leere? bas fekatad a0" bodsee gotetors 


“Bae ‘Paks bat, ‘pita ms Saas lakh spenkiiayte om: 7 oasdT ve older 


‘datw barton Be soo (aac, shat oda, ie mommkd ants, naae Lema - 


ie) ple 2 ee 2 iv Sry; a ae en, ee Vi on 


62 


T@aeT I0* 2e VoURDTFTUSTS AJOF pepesu 6E°/ JO A 


T@A®T TO’ 2e aeouRoTJTUsTS sejoUep x 


eee ee anaes aes ES 
SSS Ee 


€8 €SL°867 OT TeIOL 
Be ee 6 ee 
769° 76 9€ 000 °604 *€ Bo & tc 
gT'O 907° LT t E1R'vE WoT}OeTeqUI SeinseeW peqeedey xX WIS X xXeS 
€T°O €9¢°ZT Z GZ1°SZ uoT}OeAGAU] SeAnseeW pejeedey xX WIS 
0s°0 osz°Ly T OS7°L7 ucT}OeJeqU] seinseeyW pejeedey x xeS 
¥67° LT - €TE9SOT T ETE*9S9‘T (y33ue19S) STPTAL TPUTA “SA TPFITUL 
9€S‘OYT 9€ €TE*6S0°S | 10139 
yT°0 T8Z 61 z  -€9g°8E -- uoF}OeIGIUI WIS X xs 
60°0 TE0 ZT Z €90°47Z (WLS) SpoyqeW BuTuTer], yI3uUEeI35 
Gv/T ETE’ 702 i: ETE’ 702 szoefqns jo xes 
$e 
d SW 3P SS NOILVIUVA dO dOUNOS 


a ee ee ee 
SS en ee ee OS a a ea ae 


HIONTUIS WIV JO SHUNSVAN CALVAdaa GNV GOHLAW ONINIVEL HLIM 
aauvdNOO XS dO SLODAAT UOA ATAVL AMVWWNS AONVIUVA AO SISATVNV 


AIX @TaVL 


2 See “all 


: Rat rae a eit scat sf 5 7 SRR Seger _agnes32). pale 2 isk . av a = . 
: : ae 39 GE. gee oe i oes TA 
| = 3 : a oa a ag e8Eee 
ae a oo ésawenclt | bso aus - ae 
<< ae 65 Bowser 900" a» ssnaakiingts eeaemot - : > 
ee . ate . istat 40. ts sémeottngte x08 Bebeea ee. ~ to a 


63 


TeAPT TO’ O47 Je BoOUPOTJTUSTS sSoajouUep x 


a 
To 


veST IE HE °€ 6L°0T Lo'yT «£8 "84 18°9 70°8E sqoefqng eTeH 

* 76°C 19°Z 6971 8B Il 26b yITy O4°9E sqoefqng eTeug 
ip cee ete ey ee ee ee a Se 
ee ee eee 

3 me Cx) aid. d's Fx us x anoud 


a 


a ncn nnn ee EEE EEE SEE EI Daa 


€Z=N SLOULANS ATWW TVLOL ANV €Z=N SLOMLANS ATVWAA TVLOL WOd 
37 NV YOWNA CUYVANVIS ‘SNVAW SHL JO AONAUAAAIA “NOLLIVIAA CUVaNVLS 
(7x) HLONSULS WAVY NVAW TVNIA ‘NOILVIAGG CYVaNVLS *Ybx} HLONAULS WAV NVaW TVILINI 


AX ATAVL 


64 


[@AeT TO’ #e aoueoTJTUsTS 1oz pepesu GE°/ FO d 


[AST [O° 3e PouPOTFTUSTS SajoUSP x 


Stee ee eee 
a a? SS Ta 


€8 000° TS0‘TZ TeIOL 
Si ee A ee Cee CCR non se eS ee Le. 
908 °0€ 9€ 000 °60T‘T 101Ay 
HO°E 00S *€6 z 000° Z8T uoT}OBIaIUI seinseeay pejeedey x WIS xX xeS 
€6°0 00S °8Z 76 000° LS uoT}OeIaAUT SeAInseey peqeedsey x WIS 
67°O 000°ST T 000°ST uoT}oeAaAUI Sseinseey pajyeedey x xeS 
¥6L°OVT NeOerEe? t | 000° LEE S47 (SewLL) STPFAL Teuta *SA TetIFur 
999°7C07 9€ 000°964‘4T | 1or1y 
67 °0 00S *86T G 000° Z6E : uot}zoeAeAUI WLS X XS 
96°0 -:000°94T Z 000° 262 (AES) SpoyjeW BuTUTeITL yI3UE135 
07 °0 000 °T9T 1 000° E9T sqoefqns jo xes 
See 
A SW JP ss NOILVIUVA AO AOUNOS 


a ee ie ee ee ee ee 
<< .(?V|OD O00 ee 


ANIL ONIWNIMS JO SHUNSVAW GALVadad NO GOHLAW ONINIVEL 
ANV XHS dO SLOWAda YOA ATAVL AUVWANS AONVIUVA AO SISATVNV 


TAX HTaVL 


ea" +. i = <e : : sie 2 : ; i A. —- Sos es } me ¥ ae ae ; * so 


: = ‘ ES en | 0 t : ss 002 .€8 As 2 / : 000.481 = ~notsosye2e! sawensht Betaeger : & MTS x 12 . = ; ae es 


| " qosetded. tod Sse 

> aon : = ss ’ a Otay abaditen r gepenee doghouse. =: | 
ae ee ere 
ae Se ee as cra > ee a 


: . | a ee 
a = ee oo oe E Sie a: ; ee = ae riage 


a8 WO ORE. 


‘ke 


“200% Eo: = tre s5psonn esmuenol bezesgui, x xe ie ae 


<= : ap 7 = es a z ic — a 


ee eae 28.0 . 5: GOE,8S ca ae - eno. <2 eee i “bolsosagaaT as zueior bessoges * ere. 7 ; eae 


we 7 f Ve > 4 2 


7 ‘3 ie -—. : at 908%, OE. ge 7 ong Ori : = eis ; . ofa =o es : * = rox ne ae 5 ee 
. Dil hg ee tee ee ee oe a ee Se : i eh ee 
= er E = ae ier: a ap wat a aoa ina ' ae ; ; 
| a Sie —e x 2s , : p. Bae ‘ ~$ 7 
5. B00. f20; PEs Se ae ; ee ~ = _* Teszor ——o = 


: ‘ Steen ; eee é facet es +6 s soneoliingte ‘ebtonsb Ee ; aay - = = 
‘ Br ; | favel 10. ip sspehts eee. xo? hobesn RET i Par tee eae 


65 


TOAST TO’ ou} 7e BoUvOTJTUSTS SajOUeP » 


Le eS eS. Fe 
See ee Se Se Eee ee Sa. Semele, a. ee 


* Cit 79% OG eT Te" Le 71 sor boc ck OL°STT sqoefqns eTeW 
*¥ 0G Ly. | Con7T SL ti —-e7 9OL Go. 9t So°1ZT szoelqns eTeueg 


T T 
3 ‘aes (?x-"x) ‘gala ‘G'S Fx “as 3 anoud 


ee a ee ek ee ee ee eee a 
Se a ae a aS a SE a a a 


€Z=N SLOACANS ATVW IVLOL ANV €Z=N SLOALANS ATVWAA TVLOL 
YOd 2 GNV YOWWA GUVGNVIS ‘SNVAW SHL 40 AONAUAAAIG 
NOILVIATG GUVONVIS ‘(7¥) AWLL NVAW IVNId ‘NOILVIAd CUVONVIS ‘(Fx) SWIL NVEW TVILINI 


TIAX ATEVL 


? 
5 > “8S.3h—.. 20.8 -etaaidee siamese “Bete 
OV.Bi- “2: Stoatdyut ofa = st 
as 8 ae ae : o a — ; = = ; : ae ee + o 7 : te 
ie a ay acl ee ee os eae eB —¥- ; 
*E0n BH Te scones ttingie estoreb Fe = es va i: 
Aon 8 a _- 2352 eo we ee - ee Ga ee ee nt os 3 i ae 
a ; E ; > ee ; ae af ry abe a E- 


66 


the male subjects. There was a small statistically insignificant 
difference in the initial and final mean swimming times of the 
control group, the isometric group and the dynamic group. There 
were small and insignificant F ratios for the interactions of sex 
and strength training method (F=.49), sex and repeated measures of 
swimming time (F=.49), and sex and strength training method on 
repeated measures of swimming time (F=3.04). There was a signifi- 
cant difference at the .01 level of confidence, between initial 
and final swimming trials summed for all groups. 

Table XVII presents the paeen and final mean swimming 
times and the t-ratio of the differences between them, for the 
total number of 23 female subjects in all training groups and the 
total number of 23 male subjects in all training groups. The 
Gitrer-at en’ berween initial and final arm strength were significant 
at the .01 level for both males and females. There was no signifi- 


cant difference between the two groups. 


Strength Tests 


The summary of the two way analysis of variance of training 
method versus initial and final measures of arm strength is presented 
in Table XVIII. The three strength training groups of control, 
isometric and dynamic comprised of male and female subjects within 
each group did not differ significantly in their mean changes from 


initial to final measures of arm strength (F=.526). There were no 
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Figure 7 - Arm strength changes over the eight week 


training period. 
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significant differences between the groups in initial and final 
mean arm strength measures (F=.103). There was a significant 
difference at the .01 level from initial to final arm strength 
measures for all groups summed together (F=22.314). 

Table XIX presents the initial and final mean arm strengths, 
standard deviations, difference of the means, standard error and 
the t-ratio for the three different strength training groups. The 
control group and the isometric group showed an increase from 
initial to final measures of arm strength significant at the .05 
level. The control groups arm strength increased by 22.1% from 
initial to final measures. The isometric group's change from an 
initial arm strength (38.5 pounds) to a final arm strength (45.9 
pounds) was an increase of 19.2%. The dynamic group mean showed 
an increase of 32.6% from an initial arm strength of 36.5 pounds 
to a final arm strength of 48.4 pounds. There were no significant 
differences between the mean changes in arm strength of the three 
training groups. Although dynamic strength increases were 13.42 
greater than isometric the large standard deviations of the samples 
made this non-significant. The results are shown graphically in 
Figure 7. The small interaction illustrated was not significant 


at .05 level of confidence. 


Performance on Swimming Tests 


The summary of a two way analysis of variance of training 


method versus initial and final measures of swimming time is presented 
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in Table XX. The mixed male and female control group, isometric 
group and dynamic group did not differ significantly from each 
other in mean times for initial and final swimming trials (F=.484). 
The control, isometric and dynamic groups composed of both male 
and female subjects did not differ significantly (F=.359) in their 
group mean change in swimming time from initial to final trials. 
There was a very significant difference at the .01 level from 
initial to final arm strength measures for all groups summed 
together (F=144.308). 

Table XXI shows the initial and final swimming times, 
standard deviations, differences of the means, standard error 
and the t-ratio for the three strength training methods. All 
three groups showed a significant increase, at the .01 level, 
from initial'to final trials of swimming time. The control group's 
initial (122.8 seconds) to final (108.2 seconds) change was an 
improvement of 11.9%. The isometric group improved from 119.6 
seconds initially, to 103.9 seconds finally for a change of 13.12 
over the duration of the avper imental period. The dynamic group 
showed an improvement of 12.0% from the initial time trial (117.7 
seconds) to the final trial (104.6 seconds}. There were no 
significant differences between the mean changes of the three groups. 
The results are presented graphically in Figure 8. The small 
interaction illustrated between the isometric and control group 
was insignificant, when the large standard deviations and small 


sample sizes were considered. 
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Figure @- Swimming time changes over the eight week 
training period. 
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The Correlation of Arm Strength to Swimming Speed 


For the total group of 46 subjects, Pearson's Product 
Moment technique was used to determine the correlation coefficient 
between initial arm strength and initial swimming speed. The 
correlation coefftcient was quite low (r=.14) suggesting that 
there was no more than chance correlation between the levels of 
strength and speed of swimming. 

The same technique was used on the 46 male and female 
subjects for the correlation between final arm strength and 
final swimming speed. This correlation coefficient was slightly 
higher (r=.26), but still not significantly different from chance 
correlation at the .05 level. A very low correlation coefficient 
(r=.08) was obtained for the increase in arm strength to difference 
in swimming time from initial to final trials for the 46 subjects. 


This correlation was also insignificant at the .05 level. 


Discussion 

Initial analysis of the data for flexibility effect on 
the total sample of 46, showed no significant difference between 
the mean swimming times for the 23 subjects who participated in 
flexibility training as opposed to the 23 subjects who did not 
participate in flexibility training. Both groups improved 
significantly (P=.01) from initial to final trials of swimming 
time, It was reasonable to assume that if there was an effect 


due to flexibility, it might have been masked by the effects of 
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the three strength training methods. 

If the flexibility effect was present, it could be expected 
to be most marked in the control group where there would be no 
interaction effect with isometric or dynamic training, Subsequent 
analysis of the subjects ifn the control group who trained with 
flexibility as opposed to those control group subjects who did 
not train with flexibility, showed no significant difference 
between the flexibility trained subjects and the subjects not 
trained on flexibility, although both groups improved on initial 
to final swimming times (P=.05). The flexibility and sex effect 
did not interact significantly on the final swimming times (see 
Table XIII). 

The analysis of sex effect and training method on 
repeated measures of arm strength showed no significant differences 
of mean arm strength changes between sex of the subjects and strength 
training method. There was, however, a significant difference 
(P=.01) between initial and final arm strength trials for all 
subjects combined. 

The consideration of sex and training method on repeated 
trials of swimming performance time yielded results very similar 
to those for arm strength. There were no significant differences 
of mean swimming time changes between sex and between training 
method. All of the groups had significant differences in swimming 
times from initial to final trials. 

It was found that in analysing the total isometric (N=15), 


dynamic (N=17), and control (N=14) groups that the mean gains of arm 
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strength and swimming speed were significant (P=.01) within the 
isometric and dynamic strength training groups and in the control 
group. There were no significant differences between the three 
different strength training groups for amount of improvement of 
arm strength with the control group, the isometric group and the 
dynamic group improving 22.1%, 19.2% ali D6? respectively. 
There were no significant differences between the three different 
strength training groups for amount of time improvement in swimming 
a 100 metre freestyle under competitive conditions, with the control 
group, isometric group and dynamic group improving 11.9%, 13.1% and 
12.0% respectively. 

The correlation of initial and final arm strength with 
initial and final swimming speeds for 46 subjects yielded small 
and statistically insignificant correlation coefficients of b=.14 
and r=.26 respectively. The correlation between changes in strength 
and changes in swimming time was very low at r=.08. The reliability 
coefficient for two different measures of initial composite strength 
for the 46 subjects was satisfactory at w=.91. These low correlations 
tend to indicate that speed of swimming in novice swimmers is less 
depeddent on strength than on a "feel for the water" or an inate 
swimming efficiency. 

The results of this study agree with Kerr (56a) and Scott 
(83) who found that dynamic and isometric strength training methods 


yielded the same strength gains. The failure of either strength 
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training method to show superiority over the controls for either 
strength gain or swimming performance may be explained by the 
possibility that swimming training alone was sufficient to stimu- 
late the increase in strength and in swimming speed. This may be 
particularly true of first year competitive swimmers who may be 
applying greater force to move through the water at the same 

speed as a swimmer with more efficient stroke mechanics. Perhaps 
until swimmers have attained a level of stroke efficiency where 
corrections of major mistakes are no longer necessary, the addition 
of a dry land strength training program is of less value than 
actual direct practice of swimming training in the water. For 

this reason the choice of swimmers with one or two years of competitive 
swimming experience may yield more definitive results for the 
comparison of isometric and dynamic strength training programs on 
swimming performance. 

The results of this study may well have been affected by 
the two week break between the first four weeks and the last four 
weeks of the strength training and swimming program. Muller (67), 
however, reported that bi-weekly maximal contractions performed 
once only are sufficient to maintain a given level of strength. Thus 
the last maximal contraction of the first four week period should 
have maintained the strength level of the subjects over the two 
week break. 

There may have been a more significant interaction between 


the different training programs had the experimental period been 
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extended for the whole of the swimming season from October to May 
with two or three intermediate measures of strength and swimming 
time. 

It was assumed by the investigater that the initial seven 
week orientation period consisting of swimming training only would 
serve the purpose of eliminating the early variance in learning the 
motor task of swimming the stroke (1). It is possible that the 
individual response to the swimming training alone may have changed 
the relative strength levels of the subjects before the start of 
strength training. This would have affected the relative improvement 
of the isometrically and dynamically trained group, when compared 


with the control group trained on active swimming practice only. 
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CHAPTER V 


SUMMARY AND CONCLUSIONS 


Summary 


The primary purpose of this study was to determine the 
relative effects of isometric and dynamic strength training, and 
a controlled non-strength training program on the performance of 
pre-pubescent (7 years to 12 years) ene swimmers, for a 
100 metre front crawl swim. Subproblems were the effect of a 
series of non-resistive flexibility exercises on swimming perform- 
ance, and the effect of the sex of the subjects in response to 
the three strength training programs as measured by arm strength 
and swimming timed performance improvement. 

Fifty-four first year competitive swimmers were assigned 
to six groups of nine each, on the basis of initial swimming time 
performance and age. Eight swimmers did not complete the program 
leaving: a control group of seven, a control group of seven with 
flexibility exercises, an isometric group of seven, an isometric 
group of eight with flexibility exercises, a dynamic group of nine 
and a dynamic group of eight with flexibility exercises. The analysis 
was conducted on swimming time (to the nearest tenth of a second) and 
on force (to the nearest pound), which was the composite of the average 
of two arm strength measures for each arm taken individually in the 
simulated mid position of the front crawl stroke. The analysis of 


variance technique was used to assess the effect of the different 
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variables of sex, flexibility exercise and strength training method 


on changes of swimming time and changes in arm strength for the 


duration of the experimental training period. Pearson's Product 


Moment technique was used to correlate the arm strength measures 


and swimming times. The following results were found: 


18 


The inclusion of flexibility training had no 

effect on the improvement of perfiormance time in 

the 100 metre front crawl (freestyle) stroke. 

Mean gains of arm strength for the female subjects 
were the same as mean gains of arm strength for the 
male subjects over the period of eight weeks of 
training. 

Mean improvement of swimming time for the female 
subjects was the same as mean improvement of swimming 
time for the male subjects over the eight week training 
period. 

There were no significant differences between the mean 
gains of arm strength for the isometrically trained 
group, the dynamically trained group and the control 
group, over the eight week training period. All 
groups improved significantly (P=.05). 

There were no significant differences between the mean 
improvements of swimming time for the isometrically 
trained group, the dynamically trained group and the 
control group over the eight week training period. 


All groups improved (P=.01). 
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6. There was a low and non-significant positive correlation 
between initial arm strength scores and initial swimming 
speed (r=+.14). 

7. There was a low and non-significant positive correlation 
between final arm strength scores and final swimming 
speed (r=+.26). 

8. There was a low and non-significant negative correlation 
between change in arm strength scores and change in 


swimming times (r=-.08). 


Conclusions 

In conclusion, there were significant improvements of arm 
strength score and swimming time for all training groups with no 
single training method more effective than the other two groups. 
There were no differences in the response of males and females to 
the three different strength training programs. There were no 
significant differences in improvement of swimming time between the 
subjects who had flexibility training and those who did not have flex- 
ibility training. There were no significant correlations between arm 
strength as measured by tensiometry and swimming speed performance in 
these subjects. It would seem that strength is not as important and 


the endurance gained from actual swimming training. 


Recommendations 
Further study into this area is necessary to corroborate 


findings on the effects of isometric and dynamic strength training 
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on young swimmers bernecn the ages of seven and twelve years. The 
results of this study appear to point to a greater value for actual 
swimming practice as opposed to strength training programs, for 
these age groups, when there is a limited amount of facility time 
available for both training procedures. 

It seems that further studies would do well to extend 
the experimental period beyond twelve weeks. There would be less 
diversity of the subjects in future studies, if the subjects were 
chosen from a group of second or third year competitive pre-pubescent 
swimmers. This would tend to minimize the effects of mechanical 
corrections in strokes, since these swimmers are apt to be more 
familiar with correct stroke and training techniques and thus 


make any changes due to strength training method more apparent. 
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Following are the calibrations of the cable tensiometer 


from the University of Alberta, Serial #10185, using riser #1 and 


an 1/8 inch diameter cable. 
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ACCOMPANYING INSTRUCTIONS 
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a) 


b) 


96 
FLEXIBILITY EXERCISES 


Forward Arm Circles 


Using both arms at once do forward arm eircles at moderate 
speed. Emphasize the upward lifting motion and the shoulder 


rotation 10X. 


Backward Arm Circles 


Same instructions as above. 10X 


Hands Crossed Shoulder Stretch 


Stand up straight and cross your hands over top of your 
head with your arms straight. Hold your arms as far back 


as they will go. 10 secs. 


Wall Assisted Shoulder Stretch 


Keep your hands crossed over your head and bend forward 
toward a wall, using it to keep your arms up while you 


push your head and body as low as possible. 10 secs. 


Ankle Looseners 


Place your legs under your seat with your feet pointed 
straight back. Stretch backward touching your head to the 


floor. 10 secs. 


Gastrocnemius Looseners 


Face a wall at arms length away with your feet placed shoulder 
width apart. Hold your arms out to touch the wall and slowly 
bend your arms and touch the wall with your chest while keeping 


your heels on the ground and your knees straight. 10 secs. 
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Whip Kick Ankle and Knee Stretch 

Take the same basic position as in #4 except point your 
feet out to the side and point them up towards your knees. 
Keep your knees close together and settle as low as you 


can. 10 secs. 
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APPENDIX C 


ASSIGNING OF ORIGINAL SUBJECTS 


98 


i. i 
\ ? 
a : wy 
a 
~ at) ¥ 
1 
iG 
i _ 
4 r t Tiel 
a — of. ’ 
ie > Wi ‘4 
s ‘ Get F ‘ 
+ * i 
; : ia Nd 
mogee - i] 
nf 
¢ (i 1 
1) - 
e v 5 
i 
1 wy # 
x ir 
@ ‘ ‘ ; 
Na ee a he's Ui 
' % 
a } { 3 


yA, ay 
a ae = omens be 
Mie re 
i ir o \ Oe 
{ = eee kote a 
oe i y ‘ 1 Ot aay aes 
tay % \ i 
ys 5 = ; “= batt 
, - ; . 
ae bis ; i eee oe 
Sy es = ¢ ; Va 
a af an a et ‘ ; 
; 5 f ver ; 3 { { ‘lah 
a aE 3 x ri , os ; WEN - oz 
_ ’ r ay ee ‘i J cat ede, Post : 
) fs p ‘ ' vi , 
Pet a ay 4 = ry 4 As ) hat ; cy ¥ a x 


Sy Ls, A 


¥ 


Group l 
Control 
No Flexibility 


Group 2 
Isometric 
No Flexibility 


Group 3 
Dynamic 
No Flexibility 


Group 4 
Control 
Flexibility 


Group 5 
Isometric 
Flexibility 


Group 6 
Dynamic 
Flexibility 


ASSIGNING OF ORIGINAL SUBJECTS 


Mean Age In 
Months 
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Standard 
Deviation 
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14.7 


16.6 


11.3 
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Mean Time In 
Seconds 
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120.1 


116.1 
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Standard 
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APPENDIX D 


MEAN COMPOSITE SCORES FOR ARM STRENGTH 


AND 


SCORES FOR SWIMMING TIME 


BEFORE AND AFTER TRAINING 
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E. Van Zant 
M. Jonas 
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MEAN COMPOSITE SCORES FOR ARM STRENGTH 


AND SCORES FOR SWIMMING TIME 
BEFORE AND AFTER TRAINING 
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BEFORE AND AFTER TRAINING 
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MEAN COMPOSITE SCORES FOR ARM STRENGTH 


AND SCORES FOR SWIMMING TIME 
BEFORE AND AFTER TRAINING 
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